Feline night monkey (Aotus azarae infulatus) is an arboreal primate that sleeps during the day hidden among branches of trees, leaving its hideout after nightfall. Little is known about the morphology of these animals, which leads to some difficulty in clinical and surgical approaches, as there has been substantial growth in the veterinarian's role in maintaining the health and well-being of wildlife. Thus, we sought to investigate the topography and morphometry of the medullary cone, a small portion of the nervous system of the feline night monkey, which is of paramount importance in approaches for epidural anesthesia. Specimens from five young females were used, each with eight lumbar vertebrae, three sacral vertebrae, and a medullary cone with an average length of 7.5 cm, located between L5 and S3. Based on this finding, we suggest that a probable site for the application of epidural anesthesia is the space between S3 and Cc1.
Introduction
The night monkeys are the only nocturnal primates of the New World, and their remarkably large eyes are similar to the nocturnal prosimian primates of the Old World (Bicca-Marques, 2006) . Geographically distributed through the Amazon and the Cerrado, night monkeys may become extinct both through biopiracy and the urban expansion of this region due to the implementation of agricultural, mining, and hydroelectric power plant construction projects (Pinto e Kzam, 2012) .
This intense process of urbanization in the Amazon has led to massive human interference in the habitat of these species with the hunting, trade, and peddling of these individuals as pets. As urbanization spreads, the monkeys' territory and access to food are also reduced. Because of these, many of these primates migrate to the larger urban centers in search of new shelters and resources (Auricchio, 1995; Pinto e Roberto, 2016) .
As a result, urgent and emergency cases in these mammals have become more frequent, since they are subject to electrocution from electric power transmission lines, attacks by domestic animals, and physical injuries (intentional or accidental) such as poisoning, bruises, lacerations, burns, vehicular accident, and fractures (Gering et al., 2017) . Therefore, veterinarians face a challenge when encountering exotic animals in routine practice, especially when surgical intervention is required, depending on the severity of the patient's clinical condition.
Surgical intervention usually requires anesthesia, which should be administered with caution in order to ensure the animal's safety, and a common and effective technique with respect to safety is epidural anesthesia. This is a technique frequently used for the administration of anesthetics in the epidural space, which is the area between the dura mater and the vertebral canal. It is usually effective and fast, with minor side effects, and also promotes intraoperative and postoperative analgesia, reducing the post-surgical stress response (Weissman, 1990; Mcmurphy, 1993; Fantoni e Cortopassi, 2009 ).
The location of administration of the drug in the epidural space varies with the animal species and the selected site at the base of the medullary cone. However, the use of sites caudal to the medullary cone provides more safety during epidural administration, as it avoids lesions in the spinal cord (Hilbery, 1994) .
In light of the above information, we decided to expand upon the morphological records of this species and provide important information on anesthetic protocols, epidural analgesics, and laboratory tests for medical and surgical operations in wild animals. This information would not only offer greater security to veterinarians when it comes to the safe execution of epidural protocols, but also provide greater patient comfort.
Material and methods
The study protocol was approved by the Ethics and Research Committee on Animals of the Evandro Chagas Institute -Ananindeua/PA (CEPAN/IEC/SVS/MS), under the authorization number 008/2010.
We used five young female specimens of the feline night monkey (Aotus azarae infulatus) from the National Centre of Primates (CENP), Ananindeua-Pará, which were frozen after death by natural causes and sent to the Animal Morphological Research Laboratory of the Federal Rural University of Amazonia (LaPMA / UFRA).
The specimens were thawed in running water for two hours and fixed using intramuscular and intracavitary infusions of aqueous 10% formaldehyde solution, with subsequent submersion of the animals in the same solution for a minimum of seven days.
Radiographs were initially taken at the veterinary hospital of the Federal Rural University of Amazonia-UFRA, observing the standards of radiological protection, followed by positioning the animals in the right lateral decubitus, under left lateral-lateral projections, using the X-ray machine Intecal ® , model CR-7, with 100 kV power, maintaining a focus-film distance of 100 cm, a current of 100 mA, and exposition time of 0.4 seconds. For the radiologic exams, exposure factors of the order of 55 kV and 2.5 mA were used.
The specimens were then dissected using basic surgical instruments. This involved incision and bending of the skin, the subcutaneous tissue, and the musculature dorsal to the vertebral column, thereby exposing the lumbar and sacral vertebrae. Subsequently, the spinous processes and part of the vertebral arches were removed to ensure adequate exposure of the medullary tissue and photodocumentation.
The nomenclature adopted was based on the Veterinary Anatomical Nomenclature (INTERNATIONAL COMMITTEE ON VETERINARY GROSS ANATOMICAL NOMENCLATURE, 2017).
Results and discussion
We found eight lumbar vertebrae and three sacral vertebrae (Figure 1) , in each of the five night monkeys analyzed, and the medullary cone was consistently caudal to the lumbar intumescence, with a well elongated pattern, and an average length of 7.5 cm.
Its base was located on the fifth lumbar vertebra (L5) and its apex on the third sacral vertebra (S3). The cone was immediately covered by the dura mater, which showed no prolongation. Consequently, no dural sac was formed ( Figure 2) .
The absence of the dural sac may be of concern, since the risk of spinal cord injury and consequent neurological injury increases if the anesthesiologist lacks the skill and precision to administer epidural anesthesia (Ganem, 2006) . In the case of the night monkey, the fact that it does not have the dural sac, the anesthesiologist may inadvertently access the subarachnoid space (O'Hearn and Wright, 2011).
Conversely, the topography of the medullary cone of the night monkey favors the epidural approaches in these individuals, as it was described by Silva et al (2013) for the common marmoset and Cordeiro et al (2014) for capuchin monkeys. Both studies consider the epidural space to be a safe area for both epidural anesthesia and other procedures in nonhuman primates, regardless of the presence or absence of the dural sac in these species, decreases central sensitization, intraoperative inhalant and opioid requirements, the use of postoperative rescue analgesia and plasma concentrations of stress response biomarkers during surgery (Romano et al., 2016 , Steagall et al., 2017 .
Due to the dearth of studies regarding the medullary cone, further studies with the same objective as the present study are warranted. Further studies involving other species of nonhuman primates are also recommended due to the importance of knowledge regarding epidural approaches in order to determine the definitive sites of anesthetic drug application, and improve the veterinarian's performance in clinical and wildlife surgery.
Comparing the records of the topography of the medullary cone in other non-human primates, we identified the black-striped capuchin (Cebus apella) with a medullary cone ranging from 1.7 cm to 3.51 cm in length and located between L2 and L5 (Cordeiro et al., 2014) ; the squirrel monkey (Saimiri sciureus) with a medullary cone measuring 3.3 cm and located between L7, 8 and S3, Cc1 (Lima et al., 2011a) ; and the red-handed tamarin (Saguinus midas) with a medullary cone measuring 5.14 cm and located between L4 and S2 (Martins et al., 2013) .
These data provide definitive evidence that the size of the animal has no relationship with the topography and length of the medullary cone, especially when we notice that the tamarin is smaller than the capuchin and the squirrel monkey but has a larger medullary cone when compared to these two non-human primates. The size of the animal (the tamarin and the night monkey) was in no way proportional to the length of the medullary cone. This further underscores the importance of knowledge of the topography of the medullary cone of each species in order to perform epidural procedures safely, rather than merely using an approximation or estimation, however, identification of correct needle placement in the epidural space varies with the experience of the operator (Garcia-Pereira et al., 2010), because, epidural administration of drugs is a relatively simple technique. If the technique is performed with care, taking into consideration the relevant anatomy of the epidural space (Garcia-Pereira, 2018) .
Although few similar studies are available in the literature, we seek to compare our results with those of previous studies in other wild mammals, such as the report by Branco et al (2013) on the topography of the medullary cone of the tayra (Eira barbara), which had six lumbar vertebrae and three sacral vertebrae, a lumbar intumescence located between L2 and L4, and a medullary cone between L4 and L6, measuring 4.31 cm. The measurement result is intriguing, as the tayra is definitively larger and burlier than the night monkey.
This discrepancy persists when we compare our morphometric findings to the ones reported by De Santa Brígida et al (2010) regarding the medullary cone in ocelots (Leopardus pardalis). Their medullary cone is located between L4 and S3, similar to that observed in the night monkey, and measures 8.5 cm, which is only 1 cm longer than that in the feline night monkey, a primate much smaller than the ocelot. This demonstrates once again that the location of the medullary cone has no relationship with the size of the animal. Thus, a topographic mapping of this structure is necessary for epidural anesthesia to be correctly administered.
A similar discrepancy exists when we observe the measurement and topography of the medullary cone of the gray brocket (Mazama gouazoubira), which starts at L2-L3 and ends at S1-S2, measuring 4.6 cm in length . This is an animal many times larger than the night monkey, yet its medullary cone is much shorter.
On analyzing the medullary cone in a group of peculiar wild mammals like the Xenarthrans, in particular the brown-throated sloth (Bradypus variegatus), it can be observed that the medullary cone is located at a more caudal level (L3-S1). Although this animal is bigger than the night monkey, its medullary cone is shorter, measuring 2.7 cm (Lima et al., 2011b) . 
Conclusion
In light of the topographic findings in the feline night monkey, the recommended site for administration of epidural anesthesia in this species is the sacrocaudal region, which has easily palpable intervertebral space, taking into consideration the technique, appropriate needle and consideration the relevant anatomy of the epidural space. In this context, and considering the size of this species, we suggest that the epidural access of the region occurs with the animal in the ventral decubitus, with the pelvic limbs without support.
